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Abstract 
A new laser integration into a spinning machine was developed offering the flexibility to apply completely new processing strategies 
for laser-assisted multi-pass metal spinning. In this process the formability of challenging materials is improved by selective heating of 
the forming zone by means of laser. In order to decrease the strength and increase the formability of titanium (grade 2) experimental 
investigations have been performed to generate a suitable temperature field in the workpiece. 
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1. Introduction 
The demand for heavy-duty components for the aerospace, automotive, chemical and medical technology 
industries is forcing manufacturers to use more innovative materials. Titanium and nickel based alloys as well as 
stainless steel and high strength aluminum alloys, are increasingly being used to produce parts such as air inlet 
rings in engine construction, rim rings, container bases, laboratory centrifuges (Klocke and König, 2007) or 
components for exhaust systems (Neugebauer et al., 2006). Due to their outstanding mechanical properties, these 
materials are generally regarded as being difficult to machine. Product developers and their suppliers are therefore 
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faced with the challenge of realizing complex parts economically using these materials. In contrast with other 
forming technologies incremental forming technologies like metal spinning offer advantages such as high 
geometrical flexibility, short set-up times, low tooling costs as well as the option of performing several process 
steps in one single clamping (Bewlay and Furrer, 2006). Metal spinning processes thus represent a technologically 
and economically efficient alternative to other manufacturing techniques (Groche et al., 2007). They are also 
particularly suitable for machining high-strength materials since the tools affect only a small localized area and 
therefore require significantly lower forming forces than those needed for deep drawing, for example (Wong et al., 
2003). Metal spinning techniques also occupy a niche which permits, among other things, geometries to be 
produced which would be either physically impossible to achieve using techniques such as deep drawing or 
achievable, but economically unviable (Hagan and Jeswiet, 2003). However, even metal spinning techniques are 
pushed to their limits in machining operations involving high-strength materials. In industrial practice, two main, 
different approaches for heat treatment have been adopted in an effort to expand these forming limits: One of these 
involves recrystallization annealing operations performed in separate furnaces alternating with several cold 
forming steps and the other involves the use of gas burners which are usually hand-held, to heat the entire 
workpiece during the forming operation. Both of these procedures have considerable drawbacks in terms of 
production. If applying cold spinning several forming steps are required combined with intermediate 
recrystallization heat treatment. As the geometrical flexibility per forming step is limited, long process chains incur 
which usually involve high efforts for set-up, transport and storage. In case of using gas burners to reduce the 
material strength during the process (c.f. Fig. 1), the energy introduced into the workpiece can only hardly be 
controlled (Music et al., 2010). This can cause detrimental impact on the microstructure of the manufactured 
component. An innovative approach to avoid the aforementioned drawbacks is the use of a high power laser for the 
selective heating of the zone directly ahead of the forming roller. Like that, both deformation rates and deformation 
degrees can be enhanced significantly while the applied thermal energy to the workpiece can be controlled 
reproducibly. 
 
Fig. 1. Gas burner assisted metal spinning of stainless steel [source: Radkersburger Metallwarenfabrik GmbH]. 
2. Laser-assisted metal spinning 
The results of several analyses of laser-assisted metal spinning procedures, which confirm the potential of this 
technology to eliminate the drawbacks outlined above, associated with conventional forms of metal spinning 
(spinning with gas burner heating during the machining operation or with interposed recrystallization annealing) 
have already been published. In laser-assisted metal spinning operations, a laser beam is used to heat the area of 
the workpiece just ahead of the forming roller contact zone (Klocke and Demmer, 1999) as illustrated in Figure 2. 
The aim is to produce the ideal temperature field for forming the material which is being machined, in order to 
reduce both the yield stress and any strain hardening occurring during the forming process. Therefore the blank is 
usually preheated with the laser to reduce temperature gradients in the component. During the deformation, the 
process parameters (rotational speed, feed rate) and the position of the laser spot in relation to the forming roller 
are assigned in a way that a uniform heating through the material thickness is ensured in the forming zone. This 
improves the deformability which is crucial to the remainder of the forming operation. 
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Fig. 2. Process principle of laser-assisted multi-pass metal spinning. 
 
The high power density of laser sources makes these particularly suitable for applying heat quickly and 
precisely. Main advantage over the conventional process variants is that the heat is applied only briefly to the area 
in which it is needed. Consequently, the workpiece remains virtually free of any thermal load. A closed loop online 
temperature control facilitated by the use of a laser source permits to generate a defined temperature field in the 
forming zone with excellent consistency in the level of heat input. These aspects suppress any adverse effects on 
the structure of the material, ensuring uniform part quality. By laser-assisted metal spinning operations conducted 
on chromium-nickel steel (X5CrNi18-10) the degree of deformation was increased by between 15 and 25% whilst 
at the same time, strain hardening during the forming operation was reduced by up to 40%. Promising results have 
also been achieved in operations involving a titanium alloy (TiAl6V4) by reducing the maximum forming force by 
20%. It is particularly notable that due to the localized and brief application of heat in machining operations 
conducted on titanium alloys, the peripheral zone does not absorb any significant amount of oxygen and thereby 
avoids adverse effects on the microstructure (Klocke and Wehrmeister, 2003; Wehrmeister and Kutschera 2003).  
The potential of the technology is confirmed by Romero (Romero et al., 2010) in his investigations into laser-
assisted flow forming operations conducted on a high-strength steel (DP-800). During tests, forming forces were 
reduced by up to 20%; i.e. the forming boundaries were extended and the deformation rates were increased, though 
these differences are not quantified. In his experimental study Romero found out that the position of the focal spot 
as a function of the spinning roller is a crucial to the efficient exploitation of the advantages offered by laser 
heating. Nevertheless, the position of the laser focal spot in front of the spinning roller was kept static throughout. 
Romero suggests either using large-scale laser focal spots in order to heat the entire forming zone during the 
process or selecting slow process speeds, thereby utilizing the thermal conduction in the workpiece (Romero et al., 
2010). The advantages gained as a result of localized heat generation via the laser, are then lost because both 
approaches require lengthy heating times, which are associated with the risk of adverse effects on the 
microstructure. Furthermore long process times leave the process less competitive than other methods. There is an 
alternative option by tracking the focal spot of the laser dependent on the machining operation in progress. This 
later approach is subject of the recent work aiming at the elimination of the previously outlined drawbacks. Thus, it 
is expected, that the full process performance of laser-assisted multi-pass metal spinning can be used while 
restricting the introduced amount of heat to a minimum. 
3. Development of prototypical machine tool for laser-assisted spinning 
3.1. Theoretical background 
To understand the need for a movement of the laser spot separated from the movement of the forming roller, a 
constant alignment of forming roller and laser optic during the whole process has to be considered firstly. 
Assuming that the initial set-up has to be realized at one specific diameter of the workpiece with the radius r0, the 
positions of laser spot and forming roller are on the same diameter of the workpiece. The arc length between laser 
spot and forming roller at the initial radius r0 is l0. If the alignment between laser spot and forming roller remains 
constant in x- and y-direction, the laser spot and forming roller are not any longer on the same diameter of the 
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workpiece when the position deviates from the initial diameter d0 (c.f. Fig. 3). The consequence is a displacement 
in radial direction (ǻy) as well as a deviation in arc length (l).  
 
Fig. 3. Displacement of heated zone without inline adjustment of laser spot position (* joint movement of forming roller and laser spot). 
This observation considers a non-deformed sheet metal blank. If it is transferred to the manufacture of relevant 
geometries, a deviation in incident angle for the laser beam as well as the working distance between laser optic and 
workpiece surface have to be considered additionally. It is evident that the forming zone is not heated constantly. 
Only if the required material specific temperature is guaranteed in the forming zone at both the irradiated and the 
non-irradiated side of the workpiece, high deformation rates can be realized with high process reliability. Thus an 
adequate adjustment of the alignment between laser spot and forming roller on the workpiece surface is required to 
compensate the described displacement and like that to ensure an appropriate temperature field in the forming zone. 
This is the necessary requirement to apply the advantages of laser-assistance for multi-pass metal spinning, thus for 
the manufacture of an industrial relevant spectrum of geometries. 
3.2. Implementation and potential 
Fig. 4 shows the most important evolutionary steps of laser integrations into spinning lathes at Fraunhofer IPT.  
Fig. 4. Evolutionary steps for laser-integrations into spinning lathes at Fraunhofer IPT.  
 
Former developments of laser integrations into spinning lathes (c.f. Klocke and Wehrmeister, 2004) facilitated 
to proof the general feasibility and the advantages of laser-assisted spinning and flow forming processes but 
showed several limitations. The integration concept shown in Fig. 4 a) comprises a linear guiding system mounted 
on the moving axes of the spinning lathe under a fix angle. This facilitated to compensate the above described 
displacement of the laser spot on the workpiece surface but requires very high efforts for programming and set-up 
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because of complex geometric boundary conditions. From the gained experiences it was meaningful to develop a 
guiding system which facilitates the same contact conditions for the laser spot on the workpiece surface like for the 
forming roller. This was realized by the implementation of additional linear axes which facilitates a linear motion 
of the laser spot along and perpendicular to the rotational axis of the spinning lathe (c.f. Fig. 4 b). In addition two 
different pivoting axes have been implemented. One offers the possibility to pivot the laser spot position around 
the rotational axis of the spinning lathe to facilitate an adjustment of the distance between laser spot and forming 
roller. The other pivoting axis facilitates to adjust the angle of incident for the laser radiation on the workpiece 
surface. Like that the newly developed laser integration offers the flexibility to apply completely new processing 
strategies which facilitates to further improve the process. Therefore the scientific objective is a suitable path planning 
for the laser beam on the workpiece surface as a function of the forming roller to achieve a material specific temperature 
field in the forming zone. Therefore first experimental investigations for titanium (grade 2) have been performed. 
4. Experimental investigation of heating strategies 
Aiming at a material specific heating of the used titanium to reduce its strength during forming, material 
specific temperatures have to be considered. It has been identified by mechanical testing that the tensile strength of 
the used titanium (grade 2) decreases significantly from 430 MPa at room temperature to 100 to 130 MPa in the 
range of 400 °C to 500 °C. At the same time the fracture strain increases by 30 to 45%. Thus, this temperature 
range should be existent in the forming zone to improve the formability significantly. For pure titanium a phase 
transformation takes place, if a specific temperature of 882 °C is exceeded. With regard to the mechanical 
properties of the product this transformation has to be prevented during the complete forming process. Aiming for 
an appropriate temperature field in the forming zone, different heating strategies have been developed and 
evaluated. With regard to the defined temperature in the forming zone between 400 °C and 500 °C, and the 
requirement not to exceed the transformation temperature of titanium, the temperature in the laser spot was limited 
to 800 °C. For components with diameters up to 200 mm, it has been found out that the desired temperature field in 
the forming zone can be ensured at a rotational speed of 200 mm/min and feed rates between 150 and 550 mm/min 
with a laser power between 1.5 and 2.5 kW. An exemplary temperature-time-progress with 1.5 kW of laser power 
and an intensity of 4688 W/cm² is shown in Fig. 5. (a).  
 
In this case after preheating at a fix diameter of the rotating blank the temperature in the laser spot was kept 
nearly constant at 600 °C for one overrun of the laser spot on the workpiece surface. This facilitated to generate a 
temperature of 400 °C in the specified forming zone behind the laser spot with smallest possible thermal load to 
the material. To ensure the required temperature field in the forming zone throughout the whole multi-pass 
spinning process, the movements of forming roller and laser spot have to be synchronized linked with the use of 
Fig. 5. (a) Exemplary temperature-time-trend for selective laser heating of rotating titanium blank and (b) microstructure of titanium (grade 2) 
in delivery condition (top), thermal image of selective heating (middle) and microstructure after selective laser heating to 800 °C (bottom). 
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the described closed-loop power control. A microstructural analysis proved that no adverse effects occurred to the 
material due to selective heating by means of laser even at a higher temperature level than illustrated in Fig. 5. (a). 
A comparison of the microstructure in delivery condition and after selective laser heating up to 800 °C in the focal 
spot is shown in Fig. 5. (b). In contrast with hot forming of titanium with gas burner assistance the amount of heat 
introduced into the workpiece can be controlled accurately with heating by means of laser by connecting the laser 
with the control unit of a 2-color pyrometer system for a closed loop online control of the laser power. The thermal 
image of selective laser heating in Fig. 5. (b) verifies that the heat applied by means of a laser beam can be kept 
locally in the desired zone of the workpiece in contrast with heating by means of gas burners as shown in Fig. 1. 
Like that undesired changes of microstructure can be prevented reliably. 
5. Summary and Outlook 
The demand for components made from high performance materials like titanium or nickel based alloys as well as 
strain-hardening stainless steel is steadily increasing. However these materials are usually difficult to form efficiently, 
thus conventional forming operations conducted on these materials are generally very laborious and time-consuming. By 
application of a high power laser as heat source for the simultaneous heating of the workpiece during the forming process 
the forming limits of challenging materials can be enhanced significantly. Like that intermediate annealing steps which 
are conventionally needed can be eliminated. Furthermore, parts with complex shapes can be formed without the 
negative impact of conventional heating by means of gas burners. With the aim to make the technology applicable 
in industrial use, a test bench with the required flexibility has been developed. To be able to exploit the entire 
process performance of laser-assisted spinning and to introduce only the required amount of heat into the 
workpiece, a suitable path planning for the laser beam on the workpiece surface will be developed. This will facilitate to 
achieve a material specific temperature field in the forming zone during the manufacture of industrial relevant, complex 
shapes. To conserve the high flexibility of metal spinning processes the developed processing strategies will be 
implemented into software for machine control. Only like that the process can be transferred to industrial use because 
machine operators can set-up the process as today without the need for laser specific expert knowledge. 
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